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Magnetization indc magnetic fields and at different temperatures has been measured on the
antiperovskite Li2Pd3B with a cubic structure composed of distorted Pd6B octahedrons. This
material was recently found to exhibit superconductivity at 7–8 K. The critical fieldsHc1s0d and
Hc2s0d are determined to be 135 Oe and 4 T, respectively. Critical current density, scaling of the
pinning force within the Kramer model, and irreversibility field data are presented. Several
superconductivity parameters were deduced: Coherence lengthj=9.1 nm, penetration depthl
=194 nm, and Ginzburg–Landau parameterk=21. The material resembles other boride
superconductors from the investigated points of view. ©2004 American Institute of Physics.
[DOI: 10.1063/1.1814433]

We have recently found superconductivity below 7–8 K
in the cubic Li2Pd3B compound.1 The material is a boride
and the constituent elements are an alkaline element, Li and
a late transition element, Pd. None of these elements have
been reported to be included in the binary or ternary boride
superconductors as base ones, although the alkaline earth,
Mg, is a component of MgB2 with the surprising highTc of
39 K, and Pd belongs to the platinum group of elements that
are usually included in the boride superconductors
(Ru,Rh,Os, Ir, and Pt).2 Also of interest is that Pd is a base
element of the boride carbide compound Y–Pd–B–Cshow-
ing the maximumTc of 23 K (Ref. 3) in this class of super-
conductors.

In this letter, we present the magnetization measure-
ments performed by a superconducting quantum interference
device magnetometer(Quantum Design 5T) with the purpose
of extracting the data on critical fields, critical current, and
superconductivity parameters. Evaluation of Li2Pd3B against
other superconductors is important for the generation of di-
rections in the search for superconductors, e.g., targeting
higherTc, as well as for a better understanding of supercon-
ductivity. The idea is that this compound has a cubic antiper-
ovskite structure4 composed of distorted Pd6B octahedrons
centered by boron. It resembles metal oxide superconductors,
such as the high-Tc ones, ruthenates, bismuthates, and so-
dium cobaltates, in which metal atoms are surrounded by
oxygen in an octahedral arrangement. Li2Pd3B is also inter-
esting from another point of view. This material is another
example of a perovskite nonoxide superconductor containing
octahedral units, such as MgNi3C (Ref. 5) sTc=7.6 Kd, but
while the structure of MgNi3C is very symmetrical, in
Li2Pd3B a distorted structure is present. According to Sardar
and Sa,6 from the theoretical point of view, this distortion
might be important for the occurrence and/or control of su-
perconductivity, i.e., this intrinsic distortion can produce
self-doping of the material toward the formation of super-
conductivity or modification of the critical temperatureTc, in
a similar manner as in high-temperature superconductor

(HTS) when a nonintrinsic pressure(external pressure or
chemical pressure) is applied.

Material was synthesized by arc melting employing a
two-step procedure: First, ingots of Pd3B alloy were pre-
pared, and second, they were melted together with the Li
metal. The resulting material is the Li2Pd3B superconductor.
Details on processing,Tc, and the structure of the as-
prepared superconductor are given elsewhere.1

Magnetization loopsMsHd taken at different tempera-
tures are presented in Fig. 1, while the magnetization curves
versus temperatureMsTd, measured for several magnetic
fields, are presented in Fig. 2. Upper critical fieldsHc2

M–Hd
was determined as the point where theMsHd loops reach the
background[Fig. 1 inset(a)]. Upper critical fieldsHc2

M–Td was
also estimated considering the onset point of the supercon-
ducting transition of theMsTd curves(Fig. 2). Variation of
Hc2

M–H and Hc2
M–T, as a function of temperature, is shown in

Fig. 3. From the linear fitting of the experimental points, at
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FIG. 1. Magnetization loopsMsHd at 2, 3, 4, 5, 6, and 7 K for the Li2Pd3B
bulk sample. Insets(a) and(b) show details of the same curves at high and
low magnetic fields, respectively. Inset(c) shows aMsHd loop at 2 K for the
sample in the powdered state.
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T=0 K, Hc2
M–H andHc2

M–T are 5 T and 5.2 T, respectively[Fig.
3]. These values are comparable with the 6.2 T value deter-
mined from measurements of electrical resistance in mag-
netic fields.1 In the following calculations, we have used the
intermediate curve, i.e., that forHc2

M–T. In this case, the abso-
lute value of the initial slopedHc2/dT is 0.7 T/K and is not
far from the value 0.8 T/K for the Pd-containing boride–
carbide Y–Pd–B–C.7 Assuming the Werthamer–Hefland–
Hohemberg formulaHc2s0d=0.6913 sdHc2/dTdTc

x Tc,
8 we

obtain an upper critical fieldHc2s0d of approximately 4 T.
From the upper critical field(Hc2=F /2pj2, whereF is the
flux quantum) we have extracted the coherence length,j
=9.1 nm. This value is similar to MgB2,

2 it is in the upper
limit of the j-interval for the boride carbidessj<6 nmd,7 it
is almost double that of MgNi3C sj=4.6 nmd9,10 and is con-
siderably larger than the values estimated for HTS cuprates
(typically 2 nm).

Another important parameter characterizing supercon-
ductivity is the lower critical fieldHc1. Values ofHc1 were
taken as the field for which theMsHd curve starts to deviate
from the linear behavior generated by perfect diamagnetism
[Fig. 1 inset(b)]. Data are plotted versus temperature in the
inset of Fig. 3. Fitting withHc1=Hc1s0df1−sT/Tcd2g results
in Hc1s0d=135 Oe andTc=7.5 K. The value ofTc from fit-
ting agrees relatively well with the experimental value of
7.8 K. The value ofHc1s0d is considerably lower than for the
boride–carbide superconductors(around 800 Oe)7 with high
Tc, is comparable to values measured for MgNi3C
s100 Oed10 and is also approximately two to three times

lower than for MgB2,
2 but is slightly higher than for the

Re–boride superconductorss60–80 Oed.11 From Hc1s0d and
j, the penetration depth can be calculated to bel=194 nm,
by the formulaHc1=sF0/4pl2dlnsl/jd. This value is similar
to the high limit of thel-interval for MgB2 (Ref. 2) and is
comparable tol for MgNi3C sl=248 nmd.10 The Ginzburg–
Landau parameterk=l /j=21. The extracted value is be-
tween the values reported for boride superconductors Re7B3
(Ref. 11) with hexagonal structuresk=17d and Re3B (Ref.
11) with orthorhombic structuresk=35d, and is approxi-
mately two times lower than for MgNi3C sk=54d.10

Critical current density,Jc, versus magnetic field was
evaluated using Bean model12 (Jc=30DM /d, whered is the
diameter of the bulk sample in our case) is presented in Fig.
4(a). The values ofJc are relatively low(e.g.,Jcs0 T,2 Kd
=53103 A/cm2). The reason seems to be the presence of
cracks. To check this assumption, we measured aMsH ,2Kd
loop on part of the bulk sample after it was crushed into
powder[Fig. 1 inset(c)]. The resulting powder as well as the
surface of the initial sample, showing cracks, can be seen in
Fig. 5. The curve ofJc for the powder sample, considering
the average grain sized=20 mm in the Bean model, is plot-
ted in Fig. 4(a). The value of Jcs0 T,2 Kd is 6
3104 A/cm2 for the powder sample. An optical microscopy
image on the polished cross section of the bulk sample1 in-
dicates that the domains between the cracks are approxi-
mately five to ten times smaller than the size of the sample.
Therefore, if, in the Bean model, calculation is done by using
the size of these domains, the values ofJcs0 Td will be close
to those observed for the powder sample. This suggests that
the observed discrepancy in the values ofJc is not due to the
“weak links” problem as it is for high-Tc superconductors.

Moreover, the Kramer curvesJc
0.5H0.25sHd (Ref. 13) from

Fig. 4(b) are approximately linear inH and are similar to
Nb3Sn(Ref. 14) and MgB2,

15 considered without weak links.
Scaling with the classich0.5s1−hd2 function of the flux pin-
ning force,Fp=Jcm0H, is found within the whole measured

FIG. 2. Magnetization curves vs temperature for different applied magnetic
fields. The inset gives detail showing the variation in the onset of the dia-
magnetic signal.

FIG. 3. Critical fields vs temperature.

FIG. 4. Critical current density vs applied magnetic field(a) for the Li2Pd3B
sample in the powder and bulk states and Kramer curves(b) for different
temperatures of 2, 3, 4, 5, 6, and 7 K(the curve for the highest temperature
is closer to the left low corner of the plot). The inset presents the scaling of
the pinning force. The dashed line is the fitting withh0.5s1−hd2.
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interval of 2–7 K[Fig. 4(b) inset]. Extrapolation of the rela-
tively linear region of the Kramer curves results in
HksTd-field values equivalent to the empirical irreversibility
line for whichJc tends to zero. This imperfect linearity of the
Kramer curves suggests the possibility of effects, or of ef-
fects not specific to conventional boride superconductors.
This idea is of interest since unconventional behavior in the
Jc (transport) of MgNi3C, also having no weak links, was
recently reported.16 Data of HksTd together with the experi-
mentalHirrsTd extracted from theMsHd loops for the same
criterion of Jc→0 [Fig. 1 inset(a)] are presented in Fig. 3.
Both HksTd and HirrsTd curves are linear, but they do not
overlap, probably due to the forced fitting of the relatively
linear region in the Kramer curves, as well as due to the
difficulties (noted by many authors) in determination of the
Hirr point for which Jc→0. Despite this discrepancy, both
lines are directly proportional toHc2sTd. This result is similar
to MgB2 (Ref. 15) and is very different from thesTc−Td1.5

dependence observed for theHirrsTd in HTS.17 Possible rea-

sons for the difference in behavior of theHirr in classic su-
perconductors and HTS are discussed in the review article.17

In summary, we have characterized Li2Pd3B compound
using magnetization measurements. The material is shown to
be a classic intermetallic boride superconductor from the in-
vestigated points of view. On the other hand, the lack of
weak links, as in the classic superconductors and structural
features similar to HTS, increases expectations of identifica-
tion of directions in the search for superconductors with im-
proved characteristics. Li2Pd3B might be especially impor-
tant because, together with MgNi3C, it can be viewed as a
bridge between HTS and conventional intermetallic super-
conductors. However, more experiments are necessary in or-
der to establish the nature of the superconductivity in
Li2Pd3B.

The authors thank E. Aoyagi and Y. Hayasaka of Tohoku
University for help with scanning electron microscopy
(SEM) measurements, and K. Hirata of NIMS and L. Miu of
INCDFM for useful discussions.
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FIG. 5. SEM (JEOL JSM 6700) images of the Li2Pd3B sample in the(a)
powder and(b) bulk state. On image(b), the cracks are indicated by the
arrows.
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